Background: Renal cell carcinoma represents 3-5% of adult malignant tumors. Metastases are found in 30-40% of patients and brain metastases occurred in more than 10% of them. Despite significant progress in medical treatment, patients with brain metastases still have a limited survival. Cabozantinib, a tyrosine kinase inhibitor directed against vascular endothelial growth factor receptors, was recently registered for the treatment of metastatic renal cell carcinoma. Almost no data are, however, available on patients with brain metastases. Case presentation: Case 1 is a 51-year-old man of North African origin; Case 2 is a 55-year-old European man. Case 1 and Case 2 had metastases of renal carcinoma at initial diagnosis and were treated with vascular endothelial growth factor receptors tyrosine kinase inhibitors. Case 1 had clear cell renal carcinoma and underwent nephrectomy; he then received several lines of tyrosine kinase inhibitor directed against vascular endothelial growth factor receptors and the mTor complex. During the second treatment a brain metastasis was diagnosed and treated with radiosurgery with rapid efficacy. Two years later he received nivolumab, an antibody directed against the programmed death-1 and programmed death-ligand 1 complex, but disease progression was observed with the reappearance of the brain metastasis together with neurologic symptoms. Cabozantinib was administered and induced a rapid clinical improvement as well as tumor regression in all sites including his brain. Sequencing of his tumor evidenced a mutation of the MET gene. Case 2 had a papillary renal carcinoma with brain metastases at time of diagnosis. After radiation of the brain tumors, a vascular endothelial growth factor receptor tyrosine kinase inhibitor was administered for 3 years. The disease was under control in all sites except in his brain; several new brain metastases requiring new radiation treatments developed. The disease finally progressed at all metastatic sites including his brain and he had several neurological symptoms. Cabozantinib was administered and rapidly induced a clinical improvement; a further computed tomography scan and brain magnetic resonance imaging showed significant tumor regressions. No MET gene mutation or amplification was observed in the tumor analysis. Conclusions: These case reports indicate that cabozantinib was able, first, to reach brain tumors and second, to induce significant regressions in renal carcinoma brain metastases that were resistant to radiation as well as to previous systemic vascular endothelial growth factor receptor tyrosine kinase inhibitors.
Background
Renal carcinoma represents 3-5% of the incidence of adult malign tumors. The more common histologic subtype is clear cell carcinoma and it accounts for more than 75% of cases; several minor subtypes are diagnosed among the remaining 25% of cases. Papillary carcinoma, type I or II, is the most frequent of these minor subtypes and accounts for 10% of all cases. Surgery with partial or radical nephrectomies cures most patients and disease-specific survival at 5 years is between 70 and 80% [1, 2] . Metastases often occur in the 2 to 5 years following surgery but are uncommon at initial diagnosis. Metastases are frequently located in lungs and lymph nodes, but also in bones and liver; brain metastases are unfrequently observed with an estimated incidence of 10% [3, 4] . Brain metastases are generally associated with a limited survival time despite local specific treatments with neurosurgery or radiation therapy [3, 5] . Significant progress in the treatment of metastatic renal cell carcinoma (mRCC) was achieved in the past decade; however, patients die after a survival period varying from 1 to 3-4 years depending on the prognosis factors [1] . Due to specific gene alterations, the vascular endothelial growth factor (VEGF) pathway is a major driver of clear cell renal carcinoma development, which is the most frequent histologic subtype, and, as a consequence, VEGF or VEGF receptor (VEGFr) inhibitors are key in the treatment of these patients [1] . Other genes, especially MET, involved in the carcinogenesis of a number of tumors, were also found to be determinants for tumor progression and resistance to treatments. MET was first identified as a major driver for the development of papillary renal carcinoma, but was also shown to be involved in resistant clear cell carcinomas [6] [7] [8] . Different MET or dual MET and VEGF-targeted therapies were recently investigated through clinical trials [9, 10] . One of the most recently registered targeted therapies for the treatment of mRCC, cabozantinib, is a tyrosine kinase inhibitor (TKI) directed against VEGFrs, but also against other different genes: c-Met, RET, and AXL [11] .
We describe two cases of mRCC who developed resistant brain metastases despite several systemic treatments as well as stereotaxic radiation. Cabozantinib induced significant tumor reductions including the life-threatening brain metastases.
Case presentation
Case 1 is a 51-year-old man of North African origin with a history of hypertension who had been diagnosed as having a right kidney tumor associated with one bulky pleural metastasis and some smaller metastatic lesions of the lung; Case 1 is summarized in Fig. 1 . No bone or brain metastases were observed at initial work up; he was classified in the poor risk group according to the International Metastatic RCC Database Consortium (IMDC) [12] . A radical nephrectomy was performed in July 2012. A pathological report indicated a renal cell carcinoma (RCC) of 16 cm with a clear cell component and some degree of a more aggressive cellular component, giving a Fuhrman grade of 4, pT3a pN0 M1 according to the Union for International Cancer Control (UICC) classification. Sunitinib, 50 mg/day, then reduced to 37.5 mg due to side effects, was administered during 6 months. Because of the painful progression of the pleural metastasis in the upper part of his left lung, radiation therapy was delivered to this tumor. Systemic treatment was further modified for the approved second-line treatment everolimus. This latter treatment induced a significant tumor response in most metastatic sites for 15 months before re-progression. In March 2014, our patient complained of persistent headaches and brain magnetic resonance imaging (MRI) identified a single right frontal metastasis. Stereotactic radiotherapy was performed and a treatment with axitinib, a second-line TKI directed against VEGFrs, was started. Axitinib induced significant tumor shrinkage in the pleural and lung metastases; the brain metastasis was much improved because a brain MRI was considered almost normal. Axitinib was maintained for 18 months, but had to be completed because of a severe episode of angina pectoris. A coronary stent that required dual anti-platelet therapy for 6 months was indicated. Due to an increased hemorrhagic risk with this treatment together with a VEGFr inhibitor, axitinib was not resumed; nivolumab, a programmed death-1 (PD1) directed antibody recently approved for mRCC treatment, was administered as part of a compassionate program. Our patient was admitted with seizures and vertigo 4 months after immunotherapy initiation. A brain MRI evidenced the enlargement, with some hemorrhagic traits, of the previously treated metastasis. Further to therapeutic control of his neurological symptoms, a thoracic and abdominal computed tomography (CT) scan showed the progression of the disease at all metastatic sites. He then entered a genetic profiling experimental program (NCT 01774409) and sequencing of the primary tumor was performed. Due to the long duration of this analysis, cabozantinib that had been recently made available was administered after our patient gave consent. All neurological symptoms disappeared and his performance status (PS) score improved to 0 after 2 weeks of treatment with cabozantinib. A brain MRI and thoracoabdominal CT scan at 8 weeks indicated a significant shrinkage of the metastatic lesions including the brain metastasis (Fig. 2) . Treatment was rather well tolerated but had to be reduced to 40 mg per day instead of 60 mg, due to fatigue, stomatitis, and loss of weight. Cabozantinib is ongoing with a reduced dose of 40 mg/day with a maintained efficacy over 8 months. Meanwhile, results of the tumor sequencing indicated the expression of mutation of the MET gene.
Case 2 is a 55-year-old European man with a history of hypertension who presented to the emergency room with seizures in December 2013; Case 2 is summarized in Fig. 3 . A brain CT scan and further MRI showed three tumors surrounded by cerebral edema. A left kidney tumor and two lung nodules were identified by CT scan and, finally, clinical examination found some hypervascularized lesions of his scalp. The cutaneous tumors were surgically removed and the pathological report identified metastases of a type 2 papillary renal tumor. This patient was classified in the favorable risk group according to the International Metastatic RCC Database Consortium (IMDC) [12] . Brain metastases were all treated by stereotaxic radiation. Pazopanib another TKI directed to VEGFr was initiated at 800 mg/day. This treatment induced a partial response in lung metastases and in the primary renal tumor; the three brain metastases were also reduced. The disease remained stable for 2.5 years under pazopanib, except in his brain. In fact, two new brain metastases appeared 12 months later and three others after 24 months. Stereotaxic radiation was performed on each new brain tumor and pazopanib at 800 mg per day was resumed. Some neurological symptoms appeared with several transient episodes of aphasia together with some degree of mental confusion, 4 months after the last radiation treatment. Pazopanib treatment was completed and brain MRI indicated a radionecrosis with surrounding cerebral edema in one of the recently irradiated brain metastases. Two months after pazopanib completion, a CT scan showed significant progression in all other metastatic sites including previously irradiated brain metastases. Cabozantinib was started after our patient gave consent. Neurological symptoms rapidly resolved and a brain MRI at 2.5 months evidenced tumor regression of the different brain metastases (Fig. 4) .
Cabozantinib was ongoing for 6 months but had to be reduced to 40 mg/day due to grade 3 diarrhea. Sequencing was performed on the metastatic tumor sample but no MET mutation was identified and no MET gene amplification was observed. 
Discussion
To the best of our knowledge, this is one the two first reports of efficacy of cabozantinib in brain metastases of RCC. Cabozantinib is a TKI directed against VEGFrs as well as MET, RET and AXL gene expression [11, 13] . Cabozantinib was approved by both the US Food and Drug Administration and the European Medicines Agency in 2016 for the treatment of mRCC after failure of previous treatments with angiogenesis inhibitors. In fact, cabozantinib was shown to improve progressionfree survival (PFS) and overall survival over everolimus in patients with advanced or mRCC [11, 14] . More recently, PFS with cabozantinib was found superior to sunitinib in patients with non-pretreated mRCC in a randomized phase 2 trial [15] . None of these trials enrolled patients with active brain metastases; as a consequence, the potential efficacy of cabozantinib is unknown at this specific tumor site. After a review of the literature, we found a case report on the regression of brain metastases in a patient with RCC and one non-small cell lung carcinoma (NSCLC) under cabozantinib [16, 17] . These cases demonstrated the potential activity of cabozantinib on the brain, which is an unfavorable site in all patients with metastases. In addition, our two cases demonstrate the potential efficacy of cabozantinib in radioresistant brain metastases of RCC. Some retrospective analyses reported some tumor regression in brain metastases under other VEGFr inhibitors, mostly sunitinib, but efficacy appeared limited when investigated in a specific trial [3, 18, 19] . A hypothesis of a correlation between the effect of cabozantinib on resistant brain metastases and MET inhibition can be raised.
In our first case, cMet was found mutated and the second case has a papillary carcinoma which is known to commonly have MET gene alterations, although no mutation in this gene was found in the tumor of this patient [6, 20] . Notably, a MET mutation was present in the case of NSCLC with brain metastases successfully treated by cabozantinib [17] . Recently, some results indicated more frequent MET gene mutations or overexpression in brain metastases of patients with mRCC compared to primary tumor or other metastatic sites [21, 22] .
Conclusions
These case reports indicate that orally administered cabozantinib is able to reach brain tumors and to induce regressions in metastases from RCC that were resistant to radiation and previous angiogenic TKI. A prospective trial with cabozantinib in patients with mRCC and brain metastases is required, as well as further investigations on the role of the MET gene in these patients. Authors' contributions SN, GM, VA, VH, DP, NG, and CC participated in the patients' care, provided data and discussed the different elements brought into the case reports, critically reviewed the reports, and agreed to the submission of the final version. In addition, SN wrote the different versions of the report and made a literature search of other cases and finally selected the reference list. SN, GM, VA, VH, DP, and NG read and approved the final manuscript.
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